introduction
Root canal obturation consists of placing an inert filling material in the space previously occupied by pulp tissue. To achieve successful endodontic therapy, it is important to obturate the root canal system completely. Gutta-percha is used with various techniques for obturation of the root canal system. Throughout the years, a variety of techniques using gutta-percha have been developed for root canal fillings. These techniques include lateral condensation, warm vertical condensation, and injectable thermoplasticized. Investigators have evaluated the apical seals obtained by these various gutta-percha filling techniques. 1 Lateral condensation remains the most widely accepted and used obturation technique. 2 Almost all other techniques are compared to it to evaluate success. It seems that lateral condensation is a gold standard for obturation. Based on that reasons, this study will use lateral condensation for root canal obturation.
In root canal obturation various materials have been used. The most frequent material used is gutta percha in combined with a root canal sealer. It must have ideal properties to be used for root canal obturation, as biocompatibility and sealing ability fundamental to promote apical and periapical tissue repair. 3 Many materials are used for root canal sealer, but none of the available sealer consistency prevents leakage. 4 . The hermetic sealing of the root canal space is one of the objectives in root canal therapy. 5 The most common cause of failure involving endodontic therapy can be attributed to the lack of an apical seal leading to leakage at the apex. effective endodontic obturation thus, must provide a dimensionally stable, inert fluid tight apical seal that will eliminate any portal of communication between the canal space and the surrounding periapical tissues through the apical foramen. 6 Hydroxyapatite is the most thermodynamically stable synthetic calcium phosphate cement. 7 A calcium phosphate cement has indicated that is useful as a sealer because can seal a furcation perforation, is shown to be biocompatible and also has potential to promote the healing of bone in endodontic treatment. 8 Recently, most of the sealers commonly used contains zinc oxide or calcium hydroxide as a base ingredient of the powder. 
Sealing ability of hydroxyapatite as a root canal sealer: in vitro study
The present study was thereby designed to determine the sealing ability of hydroxyapatite when used as a sealer in root canal obturation, compare with zinc-oxide base and calcium hydroxide base. Therefore, it would be interesting to examine whether or not hydroxyapatite is able to act as a root canal sealer. The rationale is that if adequate sealing is obtained, this material has the potential to be clinically useful.
materials and method
This study was designed to evaluate the in vitro sealing abilities of endodontic materials. The following materials were selected and grouping for the study.
Materials Instruments: Ultrasonic scaler, bone's cutting, contra angle hand piece, burs, endodontic box, glass lab, cement spatula, plastic filling instruments, tweezer, explorer, paper point, magnifying lense 10×, le crown mesh knife.
The study was carried out in vitro on forty-five extracted human single rooted, noncarious anterior teeth which were collected from the outpatient department of oral and maxillofacial surgery, School of Dental Sciences, Universiti Sains Malaysia. All external debris were removed with an ultrasonic scaler.
All teeth randomly divided into 3 groups each is 15 teeth. The crown were separated from the root until the length of the roots were 14 mm and store in saline. The pulps were broch and the root canals were prepared by Step-back technique with working length 13 mm until no:80 file with Master Apical File (MAF) no 50. After the use of each instrument (file), the root canals were irrigated with 1ml H 2 O 2 3% and 1 ml NaOCl 2.5% and dry with paper point and ready for root canal filling. The sealer were mixed according the manufacture's directions. Hydroxyapatite granules were mixed up with epoxy resin liquid for hardener. The sealer was put along the lentulo plugger and coated to the inner walls of the canal by moving lentulo plugger clockwise according the groups, group A (ZnO based root canal sealer), group B (Ca (OH) 2 ) based root canal sealer and group C (HA from School of engineering USM). One third apical of gutta percha master cone (no. 50) was coated with sealer and seat in the canal to the full working length. The canal were obturated with lateral condensation technique. A finger spreader was inserted into the root canal to a level that was -1 mm short of the working length. The root canal was filled with accessory cones until the entire canal was obturated. The access cavities of teeth in all groups were then filled with zinc polycarboxylate cement and hydraulic temporary restorative, then the root were immersed in saline solution for 4 weeks at 37 °C. After storage, the roots were double coated with nail polish, with the exception of the apical 2 mm. Specimens used for the dye leakage test were placed in 2% methylene blue solution (37 C, pH &) for 48 hours. The roots were then taken from the dye solution, remove the nail polish with le crown mesh knife, washed and dried with compressed air. The depth of dye penetration were evaluated with clearing method. 10 All the teeth were immersed in HNO3 5% for 72 hours for teeth demineralized. HNO3 was changed with the fresh one every 24 hours. The teeth were then placed in alcohol 96% for 48 hours for teeth dehydration, and every 24 hours alcohol was changed with the fresh one. The final stage was clearing. 10 All the teeth were placed in methyl salicylate, until dye penetration were able measured visually. Apical leakage was measured from the apex to the most coronal extent of dye penetration (Figure 1, 2, and 3 ). Linear dye penetration was measured under magnifying lense with calibrated eye piece and analyse by Kruskal Wallis test. The intergroup comparison between hydroxyapatite and zinc oxide groups and calcium hydroxide groups data analyzed by Mann-Whitney test.
results
In the present study, measurements of maximum linear dye penetration were made to quantify the relative leakage ( Figure 1, 2, 3 ). Dye penetration data for all the three groups are summarized in table 1. In group C teeth which were filled with laterally-condensed gutta-percha and hydroxyapatite (HA) sealer exhibited the lowest minimum-maximum (min-max) value of dye penetration. The min-max of dye penetration for group C(HA) was between 0-1mm. The min-max of dye penetration for group A teeth which were filled with laterally-condensed guttapercha and zinc oxide (ZnO) base sealer was between 1-3 mm. The corresponding values for group B teeth which were filled with laterally condensed gutta-percha and calcium hydroxide (Ca(OH) 2 ) base sealer was also between 1-3 mm. Ten samples in group C (HA) showed no dye penetration whereas all samples in group A and B showed dye penetration. The comparison of the three study groups using Kruskal Wallis test (Table 2) revealed that there were at least one significant difference among the study groups (p < 0.001). Further Mann-Whitney test (post-hoe multiple comparisons between two groups) (Table 3) revealed that HA group has significance lesser penetration compared to ZnO or Ca(OH) 2 groups (p < 0.001).
discussion
HA is one of the ceramic materials commercially used for orthopaedic and dental implants, and it forms the principal mineral component of bone and comprises 60% to 70% of the calcified skeleton. It's chemical composition is Ca 10(PO4)6 (OH)2 and it has been produced synthetically since the early 1970's and used clinically for the last 20 years. 11, 12 It has received considerable attention over the past two decades primarily because of it's excellent biocompatibility with hard tissues. 13, 14 and when placed in contact with viable bone, result in osteoconduction 12 Although HA is a promising implant material, the greatest stumbling block to it's wider application and utilization is the brittleness of the material and it's low strength for load-bearing applications. 17 Thus the material used in this study is the value added HA based material which were produced by a group of scientist at the School of engineering Universiti Sains Malaysia (USM). The pure HA has been added with zirconia and other additional components, hot pressed and then sintered at a temperature of 1300 °C, to increase the toughness and strength of HA ceramic. Composites formed by HA ceramic in combination with zirconia have been proven not to produce any local or systemic adverse reactions or any cytotoxix effects in various in vivo studies. 18 This material showed no decrease in strength after ageing up to 1 year, which is in agreement with the study done by some investigators in 1993. 19 It has been recognized for decades that the ideal end result of root canal therapy would be a closure of the apical foramen with reparative cementum. The goals for stability of successful endodontic therapy are total obliteration of the canal and perfect sealing of the apical foramen at the dentino-cemental junction and accessory canals at locations other than the root apex with an inert, dimensionally stable and biologically compatible material. 20 According to other researchers, 21 endodontic sealers are used to eliminate the interface between the gutta-percha and the dentinal walls. Thus, the quality of the filling depends largely on the sealing capacity offered by sealers. 22, 23 From this study an average leakage values of Zn O base sealer and CaOH base sealer both were minimum of 1 mm to maximum of 3 mm. The lesser value of dye penetration shown by value added HA sealer in the present study may be because of the better sealing abilities of HA. One possible explanation for this observed difference may be that HA has ability to bind strongly with natural bone tissue, 24 and synthetic HA has the same chemical composition as biological HA and thus mimics many properties of natural bone. 25 As for epoxy-resin based endodontic sealers to the human dentin showed a higher capacity to attach to the dentinal walls than other endodontic sealers and provide bonding between it and gutta-percha points. 26 However the exact mechanism by which HA is incorporation with epoxy resin, then can be function as a good root canal sealer in the present study remain far from clear. It would be necessary to carry out further studies in order to make a larger evaluation of these value added HA based endodontic materials as well as their potential benefits. The in vivo evaluation should be done to assess the reaction to this value added HA as compared to the pure HA.
It can be concluded from this study that the value added HA based endodontic material can be used as a root canal sealing materials when it used in combination with epoxy resin since it leaked comparatively less as compared to ZnO and CaOH sealers. Before reaching a definitive conclusion this material requires further extensive exploration both clinically and in vitro. 
